We derive, using the Entropy Maximum Principle, an expression for the distribution function of carriers as a function of a set of macroscopic quantities (density, velocity, energy, deviatoric stress, energy flux). Given the distribution function, we obtain, for these macroscopic quantities, a hydrodynamic model in which all the constitutive functions (fluxes and collisional productions) are explicitely computed starting from their kinetic expressions. We have applied our model to the simulation of some onedimensional submicron devices in a temperature range of 77-300 K, obtaining results comparable with Monte Carlo. Computation times are of order of few seconds for a picosecond of simulation.
INTRODUCTION
Modeling of modern semiconductor devices is currently performed by means of two distinct approaches, kinetic models and Fluid Dynamic (FD) models. The most accurate kinetic description is given by Monte Carlo methods, which can take into account explicitely both the band structure and the various scattering phenomena [1, 2] . Other kinetic approaches are based on the choice of particular forms of the non-equilibrium distribution function of carriers. Common examples are the simple shifted Maxwellian [3] or an expansion of the distribution in spherical harmonics [4] . The cylindrical symmetry constraint in momentum space and the reduced number of terms of the expansion that can be practically used do not permit, however, to describe transport properties of carriers in conditions very far from equilibrium [5] . The FD models are obtained considering a set of moments of the Boltzmann Transport Equation (BTE). These models need the knowledge of constitutive functions (fluxes and collisional productions) present in the hierarchy of equations, that are usually fixed on a phenomenological basis, introducing parameters, such as e.g. relaxation times and transport coefficients, which have an unknown dependence on the geometry and working conditions of the simulated devices. The presence ofthese free parameters [6] has always been *Corresponding author: e-mail:falsaperla@ct.infn.it-trovato@ct.infn.it. a limit to a practical use of FD models, because, in general, they are determined in each case on the basis of MC simulations or experimental data.
We have developed a HydroDynamic (HD) model for the simulation of transport phenomena in semiconductors, based on the Entropy Maximum Principle (EMP). Following this principle, we find the distribution that makes best use of the 'information' deriving from the knowledge of a given set of moments. This distribution turns out to be a strongly non-linear function of the moments. Given the distribution, we determine the unknown constitutive functions appearing in the hierarchy of the equations that describes the time evolution of the moments. We point out that the computation of collisional productions is then based on the sole knowledge of the scattering kernels and the physical quantities they contain. Our HD model is then fully closed, and, contrarily to other HD models, does not contain any free parameter. On the other hand, the distribution function we obtain has no particular symmetry restrictions and is fully suitable for three-dimensional models. Its strong non-linearity is also capable of describing transport phenomena even in conditions far from thermodynamic equilibrium, as those present in submicron devices with very high electric fields and field gradients (E 105 V/cm, E/(dE/dx)" 100,).
PHYSICAL CHARACTERISTICS OF THE MODEL
We consider here a HD model for transport phenomena in silicon. Our main purpose in the development of this model, has been to test how accurately our distribution function describes strong non-equilibrium conditions. Therefore we have used a simplified band structure. As is well known, electrons contributing to transport are mainly those belonging to the six equivalent X valleys which, up to an energy of about 0.5 eV, can be considered approximately parabolic. Electrons canthen be described by a density of states effective mass m* =0.32 me. In the same energy range, the main scattering phenomena are due to electronphonon interactions, and we will consider intervalley transitions caused both by f type and g type phonons; for intravalley transitions we will consider scattering with acoustic phonons, which will be regarded as approximately elastic. For the evaluation of the scattering terms we have used the parameters reported in [2] . We will show (by a comparison with MC simulations performed under the same physical approximations) that in this way it is possible to describe accurately some simple Si devices even in conditions very far from thermodynamic equilibrium. An extension of the model toward a non parabolic band structure (for Si or other semiconductors) and the inclusion of further scattering terms (ionized impurities, polar optical phonons,...) do not present, however, conceptual difficulties, and they are at present in development. 
We search the distribution f that maximizes the entropy density (1), under the constraints given by the relations (2) . In Figure (1) we report the results of a series of simulations for device A. We see that for devices with such high fields and field gradients a strongly non linear description is necessary to obtain a good agreement with MC simulations. In Figures  (2) , (3) we report two examples of computations at lower temperatures (with production term evaluated at third order). Note that MC data for the 77 K simulation show evident oscillations on both velocity and energy. This phenomenon is probably due to single-phonon interactions, and is partially reproduced by our model. Note also the ballist pick, characteristic of low-temperature devices. Figure (4) shows velocity, energy, traceless stress and heat flux for device D. Current densities for devices A, B, C and electric fields for devices A, B, D are shown in Figures (5) , (6) . Computation times for the present results have been in a range of 1-: 10 sec for a ps of simulation. 
CONCLUSIONS
We have shown that the EMP allows to create a closed HD model to describe transport phenomena in Si in strong non-equilibrium conditions. We
